apical four chamber view (r = 0.98). Both inter and intra observer variabilities (coefficient of variation) for left atrial areas measured by automatic boundary detection were good (4-7-14 .2% and 8-1-18-6% respectively). The reproducibility (coefficient of variation) for derived indices of left atrial function, however, was much poorer (10-4-104-8% and 12-5-88% respectively). After Although left atrial function has been extensively investigated by left atrial pressure measurements and several features of its performance as a reservoir, conduit, and augmenter of ventricular filling ("booster pump") have been described,'-3 little is known about left atrial volume because there are no simple non-invasive methods for continual assessment of left atrial volume. Though All subjects were studied on two separate days at least one week apart. Subjects were asked to refrain from alcohol, caffeine, and cigarettes for 24 h, and to fast for 2 h before each study day. On both study days subjects reported to the research laboratory and remained supine and inactive for the duration of each study. On the first visit after 30 minutes of supine bed rest conventional cross sectional echocardiography was performed, followed by echocardiography with automatic boundary detection of the left atrium in the apical four chamber, parasternal long axis, and parastemal short axis views. In the patient group recorded, and fractional indexes of left atrial area changes were calculated from these areas.
As previously described9 a diastolic emptying index and systolic expansion index were defined respectively as the maximum atrial area minus the minimum atrial area divided by the maximum atrial area, and the maximum atrial area minus the minimum atrial area divided by the minimum atrial area. An atrial systolic emptying index was defined as the area at the onset of atrial systole minus the minimum atrial area divided by the area at the onset of atrial systole. The ratio of early emptying to atrial systolic emptying was defined as the maximum atrial area minus the area at the end of the early emptying phase divided by the change in area between the onset of atrial systole and the minimal atrial area.
In the four patients with atrial fibrillation it was possible only to determine maximum, and minimum left atrial areas, and therefore possible only to determine the diastolic emptying and systolic expansion indices.
To determine the accuracy of left atrial areas derived from automatic boundary detection the end diastolic and end systolic areas obtained instantaneously by automatic boundary detection were compared with the areas measured by manual tracing of the conventional echocardiographic images using non-simultaneous beats. This was performed in all subjects on the images obtained at baseline on the second visit. End systole was defined as the frame before mitral valve opening and end diastole as the time of the electrocardiographic R wave.
STATISTICAL ANALYSIS
All data were analysed using the Statgraphics software package (STSC Software Publishing Group, Rockville, Maryland, USA).
The intra-observer variabilities were calculated for echocardiographic automatic boundary detection indices measured on the first visit and baseline on the second visit. Interobserver variabilities were calculated from the measurements obtained by both observers. One way analysis of variance was used to obtain the mean sum of squares for within subject variation (SD2) where SD is the standard deviation. The coefficient of variation (cv) for within subject variability was then calculated as SD/global mean x 100%.
Analysis of variance and Bonferroni multiple range tests were performed to determine the significance of (FIG 2) The automatic boundary detection derived left atrial areas -at end diastole and end systole correlated well with conventional measurement of the cross sectional echocardiographic Left atrial size andfunction: assessment using echocardiographic automatic boundary detection From these results one can calculate that nine subjects would be required to detect a 10% change in mean left atrial area with 90% power at the 5% level. Larger numbers would be required to detect a 10% change in other automatic boundary detection derived indices (diastolic emptying index, 17 subjects; systolic emptying index, 39 subjects; atrial systolic emptying index, 36 subjects; early emptying/atrial systolic emptying index, 77 subjects).
INTER-OBSERVER REPRODUCIBILITY OF AUTOMATIC BOUNDARY DETECTION DERIVED AREA (TABLE 2)
The reproducibility of measurements of left atrial areas between two observers performed on the same day was good in all imaging planes (4-7-14-2%) but best for mean left atrial areas. As with the intra-observer reproducibility, the derived indices of left atrial function were less reproducible.
EFFECTS OF ACUTE VOLUME LOADING ON DOPPLER FLOW AND LEFT ATRIAL FUNCTION (TABLE 3, FIGURE 3)
Acute volume loading caused significant changes in the transmitral E wave flow velocity integral, pulmonary venous systolic for- ward flow, and pulmonary venous atrial flow reversal. Non-significant increases in the transmitral A flow velocity integral (P = 0 08) and pulmonary venous diastolic flow (P = 0 06) were also seen.
Acute volume loading increased left atrial areas throughout the cardiac cycle but had no significant effects on the diastolic emptying index, systolic expansion index, atrial systolic emptying index or ratio of early emptying to atrial systolic emptying. There were significance increases in both the total area change of the left atrium and the area change during atrial systole. Changes in left atrial volume have been inferred from the transmitral Doppler flow profile.'0 11 However, the area of the mitral annulus changes during diastole (by up to 12%);12 this makes assumptions about volume changes from a linear measurement inaccurate. In addition the left atrium functions not only as a pump but also as a conduit and reservoir, with blood entering the left atrium during passive atrial emptying, diastasis, and ventricular systole, and so the volume of the left atrium cannot be determined using Doppler without recordings of pulmonary venous flow.
A '5 Less is known about changes in left atrial volumes in humans after volume loading, primarily because of differences in non-invasive assessment. In both the present study, and in previous studies'6 acute volume loading increases the transmitral early filling wave, the pulmonary venous systolic forward flow, and atrial systolic flow reversal in the pumonary venous flow profile, which suggests an increase in the conduit and booster pump functions of the left atrium. We found an increase in left atrial area throughout the cardiac cycle, together with increases in both total area change, and atrial systolic area change. No 
